Objectives: Progress has been made in recent years in the provision of amplification and early intervention for children who are hard of hearing. However, children who use hearing aids (HAs) may have inconsistent access to their auditory environment due to limitations in speech audibility through their HAs or limited HA use. The effects of variability in children's auditory experience on parent-reported auditory skills questionnaires and on speech recognition in quiet and in noise were examined for a large group of children who were followed as part of the Outcomes of Children with Hearing Loss study.
INTRODUCTION
In recent years, substantial progress has been made in lowering the age of confirmation of hearing loss from around 2 years of age (Harrison & Roush 1996; Moeller 2000) to around 7 months of age (Holte et al. 2012) . Even with this progress, childhood hearing loss fundamentally alters auditory experience and opportunities for development. The cumulative auditory experience of children who are hard of hearing (CHH) during early childhood is varied and can be influenced by the audibility of speech through amplification (McCreery et al. 2013; McCreery et al. 2015 , this issue, pp. 24S-37S) and the extent and consistency of hearing aid (HA) use (Walker et al. 2013; Walker et al. 2015, this issue, pp. 38S-47S) . (For a Table of Acronyms, see Supplemental Digital Content, Appendix A, http://links.lww. com/EANDH/A202.) In addition to monitoring communication development, parent-reported development of auditory skills and tests of speech recognition are often recommended to document and monitor progress in CHH clinically (Bagatto et al. 2010) . The broad effects of early amplification on parent ratings of auditory skills and on speech-recognition outcomes in CHH have been reported (Blamey et al. 2001; Davidson & Skinner 2006; Sininger et al. 2010; Ching et al. 2013a ). However, the effects of individual variability in aided audibility and HA use on these outcomes have been considered only in a few recent studies (Bagatto et al. 2011; Stiles et al. 2012; Koehlinger et al. 2013; Ambrose et al. 2014; Tomblin et al. 2014) . In this article, the influence of speech audibility and amount of HA use on parent ratings of auditory development and on children's speech recognition was analyzed for a large group of infants and young CHH who were followed as part of the longitudinal Outcomes of Children with Hearing Loss (OCHL) study.
The effects of congenital hearing loss on the development of speech and language in CHH have been documented (see Moeller & Tomblin 2015 , this issue, pp. 4S-13S for a review). Documenting auditory skill development and speech recognition in CHH also is crucial for assessing the effectiveness of early intervention strategies, including amplification. Yet, few standardized questionnaires assessing early auditory skill development in infants and young children were available or reported in the literature before the adoption of universal newborn hearing screening because many CHH were not usually identified until after 2 years of age (e.g., Moeller 2000) . The limited data on auditory development questionnaires focused primarily on children with cochlear implants (e.g., Osberger et al. 2002) or preimplant development in children with profound hearing losses (e.g., Waltzman & Roland 2005) . More recently, new auditory development questionnaires based on parent report have been developed (Tsiakpini et al. 2004; Ching & Hill 2005) . These measures query emergent language abilities and auditory behavior during infancy and early childhood. Data are now available from CHH on these measures (Bagatto et al. 2010; Bagatto & Scollie 2013; Ching et al. 2013a ), but the auditory and linguistic factors that predict individual variability among CHH on these questionnaires have not been widely reported.
In addition, speech recognition in children who are deaf and hard of hearing was generally delayed and highly variable across children in past research (Geers & Moog 1992; Boothroyd & Eran 1994; Kirk et al. 1995; Blamey et al. 2001; Davidson & Skinner 2006) . Among children who were born before the era of universal newborn hearing screening, a wide range of factors were found to influence speech-recognition abilities in children with HAs or cochlear implants, including degree of hearing loss and language and cognitive abilities. Greater degrees of hearing loss were generally associated with poorer outcomes; for example, Blamey et al. (2001) reported language and speech-recognition outcomes for two groups of children who were deaf or hard of hearing, one group with HAs and one with cochlear implants. Better language abilities, better thresholds, and earlier age of implantation or amplification were associated with better speech recognition in both auditory and auditory/visual tasks for children with HAs and those with cochlear implants. Similarly, Davidson et al. (2011) indicated that school-age children and adolescents with cochlear implants who had higher language abilities also had better speech-recognition scores. Cleary et al. (2001) also suggested that children with cochlear implants with better working memory abilities were likely to have better speech recognition than peers with more limited working memory abilities. The influence of auditory, linguistic, and cognitive factors on speech recognition has not been widely reported for a large group of CHH. Many children who were reported in the previous literature were identified at later ages than are observed in the current era of universal newborn hearing screening. CHH who have been identified through newborn hearing screening are likely to have earlier ages of identification, earlier ages of amplification, and earlier access to intervention services (Holte et al. 2012; Walker et al. 2014 ). These advantages may lead to better speech-recognition outcomes than that have been observed previously, as CHH have increased auditory-linguistic experience.
For children who have received cochlear implants, the positive effects of earlier identification and intervention have been documented for language outcomes (Niparko et al. 2010; Tobey et al. 2013) , speech perception (Geers et al. 2003; Wang et al. 2008) , and health-related quality of life (Meserole et al. 2014 ). However, CHH who wear HAs have not been as widely studied as children who have received cochlear implants. Children who wear HAs face challenges that increase the variability in auditory experience they receive from amplification; for example, HAs are increasingly being fit during infancy, which is a period of rapid ear-canal growth (Keefe et al. 1993) . Increases in the length and volume of the ear canal reduce the effective output of the HA over time, potentially leading to reduced audibility for speech (Bagatto et al. 2002; Bingham et al. 2009 ). Variation in the amount of audibility provided through amplification has also been documented among CHH, related either to changes in hearing or to amplification that does not sufficiently improve audibility (Strauss & van Dijk 2008; McCreery et al. 2013; McCreery et al. 2015, this issue, pp. 24S-37S) . Frequent hearing evaluation, electroacoustic verification, and adjustment of the HAs are necessary to maintain the audibility of speech as the child grows. Differences between children in the amount or consistency of HA use also influence variability in auditory experience. The amount of HA use varies widely across infants and children (Moeller et al. 2009; Walker et al. 2013; Walker et al. 2015, this issue, pp. 38S-47S) . The amount of speech audibility and the consistency of HA use are both likely to moderate the amount of benefit a child receives from amplification. Despite the potential for variability in speech audibility and HA use among CHH, few studies have considered whether these factors affect parent ratings of auditory skills and speech recognition. Bagatto et al. (2011) summarized results from parent ratings on auditory development questionnaires for a group of 129 infants and young children with HAs between 1 month and 8 years of age. Outcomes reported included aided audibility and responses from two parental questionnaires of auditory development, the LittlEARS Auditory Questionnaire (Tsiakpini et al. 2004 ) and the Parents' Evaluation of Aural/Oral Performance of Children (PEACH; Ching & Hill 2007) . Nearly all of the children in the study were reported to have acceptable aided speech audibility for their degree of hearing loss. CHH were classified as being otherwise typically developing, having additional developmental comorbidities (mild or severe), or having complex factors. Children with complex factors had limited HA use and/or late identification of hearing loss. As expected, parents of children with severe developmental comorbidities reported more substantial delays in auditory development compared with parents of children with hearing loss who were otherwise typically developing. Children who had complex factors that limited the consistency of auditory experience from amplification had developmental trajectories for the LittlEARS questionnaire that were lower on average than children with mild developmental comorbidities and the typically developing group. These differences were not observed between groups on the PEACH questionnaire, which characterizes auditory skills in older children. Differences among CHH in auditory experience due to either age of identification or consistency of HA use appeared to influence parents' ratings of early auditory development; however, the amount of delay in identification and the amount of HA use that were used to classify children into the complex factors group was not specified. In addition, grouping HA use and age of identification together did not allow for the independent quantification of the influence of these factors on early auditory development.
In another recent study, Sininger et al. (2010) reported on developmental outcomes for a group of 44 infants and children who used a cochlear implant or HAs at 3 years of age. Results included two different measures of speech perception with amplification. Substantial variability in speech-recognition measures was observed among children who wore HAs. The amount and
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MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S consistency of HA use across subjects was not reported. Similar to the study reported by Bagatto et al. (2011) , the aided audibility for children in the study was consistently high across subjects. Because of the limited variability in aided audibility and high collinearity between aided audibility and pure-tone average (PTA), the relationship between aided audibility and aided speech recognition could not be analyzed. Results from the study by Sininger et al. suggest that for a group of children with good aided audibility, significant variability in auditory development outcomes is still likely to be observed. However, not all children who wear HAs have amplification that is optimized to provide consistent audibility for their degree of hearing loss (Strauss & van Dijk 2008; McCreery et al. 2013) . Therefore, clinical populations of children who use HAs may have an even wider range of auditory experience and related outcomes than the subjects in the study reported by Sininger et al.
Another investigation of outcomes in a large group of 451 3-year-old children who wore either HAs or cochlear implants was reported by Ching et al. (see Ching et al. 2013a , 2013b for summaries). The major predictors of language outcomes at 3 years of age were maternal education level (higher maternal education associated with better outcomes), severity of hearing loss (greater degree of hearing loss associated with poorer outcomes), additional disabilities (children with additional developmental comorbidities had poorer outcomes than those with hearing loss alone), and gender (females with better outcomes than males). As in most previous studies of development in children who are deaf and hard of hearing, substantial variability in outcomes was reported. Neither the influence of aided audibility nor consistency of HA use was analyzed as a predictor of outcomes, so it remains unresolved whether or not these variables would have contributed to outcomes observed by Ching et al. Differences in auditory experience among CHH due to variability in the amount of aided audibility (McCreery et al. 2015, this issue, pp. 24S-37S) and the consistency of their HA use over time (Walker et al. 2015, this issue, pp. 38S-47S) are likely to affect speech recognition and parent ratings of auditory skills. Few studies have examined whether these factors might explain variability in these outcomes in CHH, particularly when accounting for other influential factors such as socioeconomic status and language abilities. One recent study by Stiles et al. (2012) described the influence of aided audibility and vocabulary on word recognition and nonword repetition in quiet for a group of 16 children between 6 and 9 years of age who wore HAs. For both word recognition and nonword repetition tasks, children with higher aided audibility had higher outcomes. Receptive language ability was not a significant predictor after controlling for audibility and age. Most of the CHH in the study had high audibility and word recognition scores in quiet. The influence of auditory, linguistic, and cognitive factors on speech recognition in noise for a larger group of children with a wider range of audibility could help to further describe the influence of audibility and HA use on speech recognition and auditory development questionnaires. An earlier investigation of the OCHL cohort suggested that higher aided audibility positively affected speech and language outcomes at 3 years of age (Tomblin et al. 2014 ), but the effects on speech recognition and parent ratings of auditory skills have not been explored in this group. The purpose of the current investigation was to describe speech recognition and parent ratings of auditory skills in a large group of CHH measured at multiple time points during early childhood. Three research questions were posed:
1. How do aided audibility and HA use influence parent ratings of auditory skills and speech perception in CHH at different time points during early childhood? We predict that children with higher aided audibility and more hours of HA use would have higher parent ratings of auditory development on questionnaires and better speech recognition at each time point during the study. 2. How do concurrent linguistic, cognitive, and demographic factors affect parent-reported auditory skill development and speech recognition of CHH during early childhood? We predict that CHH with stronger language and phonological working memory abilities and who come from families with higher socioeconomic status will have higher parent ratings on auditory development questionnaires and better speech recognition than children with lower abilities or socioeconomic status. 3. How do aided audibility and HA use influence speech perception in a subgroup of CHH over time?
We predict that children with higher aided audibility and more hours of HA use at 3 years of age would have better speech recognition in quiet at 5 years of age than peers with more limited audibility and HA use.
These findings could improve our understanding of the relationship between audiological factors, such as degree of hearing loss, aided audibility, and HA use, and outcomes, such as speech recognition and parent ratings of auditory skill development.
MATERIALS AND METHODS

Participants
All of the children and parents who participated in the study were recruited as part of the OCHL study. Amplification, speech recognition, and parent ratings of auditory development were obtained from 306 CHH. For comparison purposes, data were obtained from 185 children with normal hearing (CNH). The better-ear PTA (500, 1000, and 2000 Hz) for the group of CHH ranged from 20 to 92.5 dB HL during the study (mean = 48.5 dB, standard deviation [SD] =14.4 dB). Two hundred ninety-two children were fitted with air conduction HAs and seven children used a bone conduction HA. Seven children with mild hearing loss did not wear HAs. Ten children received cochlear implants after study enrollment. Only preimplantation data for the group of children who received cochlear implants are included in the current analysis.
This study used an accelerated longitudinal design (Duncan et al. 1996 ; see also Tomblin et al. 2015b , this issue, pp. 14S-23S for a detailed description). Unlike a single-cohort longitudinal study design, the accelerated longitudinal design enrolls children at different ages, which provides the opportunity to enroll a larger number of subjects and study a broader age range of development. Children and their families participated in an initial baseline visit, followed by visits twice a year for children under age 2 years and once a year for children 2 years and older. Study participation continued for up to 4 years or until 9 years of age, whichever came first. Study visits occurred in close proximity to the child's birthday or two specific age milestones (6 and 18 months). All audiometric test data collection
HA Measures
The aided audibility of speech through the HA was assessed with probe microphone measures at each visit. Individually measured real-ear-to-coupler difference (RECD) values were used whenever possible. If the child would not cooperate with individually measured RECD, age-related average RECD values were used to simulate in situ measurements of HA output in the 2 cm 3 coupler of the Audioscan Verifit HA analyzer. In situ measurements of HA output with the HA on the ear were completed with some cooperative older children. Verification was completed for soft (50 or 55 dB SPL) and average (60 or 65 dB SPL, 10 dB higher than the level for soft) input levels using the standard speech stimulus ("carrot passage") to represent the long-term average speech spectrum. Results were compared with Desired Sensation Level Targets (Scollie et al. 2005) . Maximum power output was verified using swept pure-tone stimuli. Verification was completed for 203 children with conventional processing. For children with nonlinear frequency compression (NFC) activated in their HAs at one or more visits (n = 79), filtered speech bands were used as verification stimuli to estimate the sensation level (SL) and frequency location of those bands after lowering. In addition to verification of speech audibility, ANSI (S3.22-2003) conformity measures of HA function were completed to document that the HAs were functioning within manufacturer specifications.
Aided Audibility Calculation
To estimate the aided audibility of speech, a modification of the Speech Intelligibility Index (SII; ANSI S3.5-1997, R2007; Bentler et al. 2014 ) that permits calculation of audibility with conventional amplification or amplification with NFC was applied to verification data obtained for soft and average input levels for speech. The amplified long-term average speech spectrum was measured for each listener, ear, and input level (soft and average speech). The calculation was based on the 1/3-octave-band method using the average band-importance weighting function from Table 3 of the standard (ANSI S3.5-1997, R2007). The intensity levels of speech were converted to free-field using the free-field-to-eardrum transfer function from the SII. Audiometric thresholds were converted from dB HL to dB SPL and then interpolated and extrapolated to correspond with 1/3-octave-band frequencies. A frequency-specific bandwidth adjustment was used to convert pure-tone thresholds to equivalent 1/3-octave-band levels (Pavlovic 1987) . The spectrum levels of speech and threshold-equivalent noise for each child's audiogram were entered into a spreadsheet to estimate the SL for each 1/3-octave band. The SL for each band was multiplied by the importance weight for that band, and the sum of these products for all bands was the SII for each condition.
For children with NFC signal processing activated in their HAs, the aided SII calculation was modified to account for the compression of outputs above the lowest frequency where NFC was applied, known as the start frequency. The 1/3-octave bands above the start frequency for NFC were shifted to lower frequencies in the output. For children with NFC, the SII calculation was the same as for children with conventional processing, except that the SL for each frequency band above the start frequency was calculated at the frequency where the filtered band was measured during the verification process with NFC activated. The outputs of the filtered speech bands above the start frequency were entered into an SII calculator to estimate the amount of information that was audible with lowering. This approach assumes that speech information carries the same importance after frequency lowering but does not account for the potential reduction in spectral distinctiveness that could occur with NFC.
HA Use
Daily HA use was determined by parent responses to an HA use questionnaire (Moeller et al. 2009; Walker et al. 2013 ; available at ochlstudy.org) completed at each visit. The questionnaire included an estimate of the average hours of HA use per day and the amount of HA use in different listening situations. A subset of the children in the study also had data logging in their HAs, but parent report was used in the following analyses because the correlation between data logging and parent report was high (r = 0.71), and parent report was available for a larger proportion of children in the study (Walker et al. 2013; Walker et al. 2015 , this issue, pp. 38S-47S). Based on parent report, the overall mean for HA use was 10.8 hr/day.
Auditory Development Outcomes
The test battery for auditory development outcomes depended on the age of the child at each visit. Table 1 displays the number of measures that were completed at each visit by age.
Auditory Development Questionnaires
LittlEARS Auditory Questionnaire (Tsiakpini et al. 2004) • The LittlEARS Auditory Questionnaire was developed as a measure of early auditory development and verbal skills for children who had received cochlear implants (Coninx et al. 2009 ). The measure has subsequently been validated for use with CHH who wear HAs (Bagatto et al. 2011) . The LittlEARS consists of 35 questions that evaluate the child's auditory development and selected expressive and receptive language skills. Parents indicate whether (1) or not (0) their child exhibits the behavior described in each question. The LittlEARS was completed by the parents of children at 12-month, 18-month, and 2-year visits. Children who received a score of 28 or greater on the LittlEARS did not receive the LittlEARS at the next study visit, as a score of 28 on the LittlEARS is a criterion score that indicates that children have reached the maximum level of performance on the test.
PEACH Rating Scale (Ching & Hill 2007)
• The PEACH rating scale is a questionnaire that assesses children's listening performance in a wide range of communicative situations, including specific questions about listening in quiet and in background noise. The PEACH rating scale was developed as an abbreviated version of the PEACH diary (Ching & Hill 2005) and has been validated in previous studies for CNH and CHH (Ching & Hill 2007; Ching et al. 2010; Bagatto & Scollie 2013) . The PEACH requires parents to rate their child's performance in different listening situations on a scale with categories from "never" to "always or more than 75% of the time." The PEACH rating scale has 13 questions, including one question about HA use, one question about tolerance for loud sounds, six questions about quiet listening situations, and five questions about listening situations with background noise. The response categories on the PEACH are based on a 0 to 4 scale where in most cases 0 corresponds with a rating of "never" and 4 corresponds with a
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MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S rating of "always," except for question 2 ("How often has your child complained or been upset by loud sounds?") where the scale is reversed. A percentage score for the PEACH Quiet and Noise subscales is calculated by adding the numerical values for the response to each question and dividing by the total number of potential points for each subscale or the Total PEACH score. Once children reached a criterion score of 28 on the LittlEARS, their parent completed the PEACH at that same visit and subsequent visits up to at least the 2-year-old visit. Speech, Spatial, and Qualities of Hearing Scale (Gatehouse & Noble 2004) • The Speech, Spatial, and Qualities of Hearing Questionnaire (SSQ) was developed to assess the listening difficulties across a wide range of situations with adults who are hard of hearing. The scale has been adapted for use in children who use cochlear implants (Galvin et al. 2007 ). The version of the SSQ used in this study not only included the subscales of Speech, Spatial, and Qualities but also was adapted by the OCHL team to include questions for a fourth dimension relating to conversational uses of hearing. Each subscale consisted of multiple items that query specific listening behaviors and asks parents to rate their child's abilities on a scale of 0 (minimal ability) to 10 (maximal ability). The Speech subscale includes eight questions about the child's ability to follow conversations in different listening situations. The Spatial subscale includes five questions about the child's ability to locate talkers in listening situations with background noise. The Qualities of Hearing subscale consists of eight questions about awareness and identification of environmental sounds, including music, as well as the child's ability to selectively attend to specific talkers in noise. The conversational uses of hearing subscale included six questions: two questions regarding listening in the car, one question about recognition of words or songs overheard from media (i.e., TV, radio), one question about overhearing, and two questions about recognition of novel sounds in the child's listening environment. Parents rated their children's listening abilities across four subscales. The SSQ was administered to the parents of CHH at 4-, 6-and 8-year-old study visits.
Speech Perception Measures
Open-and Closed-Set Test (Ertmer et al. 2004 ) • The Openand Closed-Set (O&C) Test is a measure that assesses the child's speech production and word recognition abilities. The O&C Test includes an open-set task where the child must imitate a parent or examiner's production of a target word, followed by a closed-set task where the child must point to a picture of the target word from a set of three pictures. The O&C Test yields three scores: phonemes correctly produced, words correctly approximated, and words correctly identified during the pointto-picture task. The stimuli are words within the lexicon of 75% of 2-year-old children. The O&C was administered using livevoice presentation as an audiovisual task during the 2-year-old study visit. Children wore their HAs during the task. The outcomes for the O&C Test for 2-year-old study visit in the OCHL study have been reported in a previously published report on speech production abilities ). In the current analyses, the word identification data from the O&C Test are reported as an early measure of word recognition and used as a predictor for later monosyllabic word recognition abilities, which was not included in the analyses reported by Ambrose et al. (2014) . The scores are presented as a percent of words correctly identified in the closed-set, point-to-picture task.
Early Speech Perception Test (Moog & Geers 1990) • The
Early Speech Perception (ESP) test is a closed-set speech-recognition task that requires the child to point to a target syllable or word from a set of toys or pictures and includes subtests of syllable pattern perception, spondee words, and monosyllabic words. The test was administered as a live-voice, auditory-only task with the examiner's mouth covered by an acoustic hoop and the child wearing their HAs. The ESP test has both low-verbal and standard versions. The low-verbal version, using a closed set of four toys for 12 trials, was administered to children at the 2-year-old visit, whereas the standard version, a closed set of 12 picture items for 24 trials, was administered at the 3-year-old visit. The pattern perception subtest was administered to children who could not complete the spondee test. The scores are reported for each subtest as a percent of targets correct in each condition.
The Lexical Neighborhood Test (Kirk et al. 1995) • The Lexical Neighborhood Test (LNT)
is an open-set monosyllabic word recognition task that was completed using recorded stimuli in an auditory-only task with the children wearing their HAs. The task was completed without competing noise at a presentation level of 65 dBA at 0-degree azimuth from a loudspeaker. The LNT includes monosyllabic words that are both easy (words with high lexical frequency and low lexical neighborhood density) and hard (words with low lexical frequency and high lexical neighborhood density). The scores are reported as the percent of targets correct for easy and hard words (25 words for each list). The LNT was administered as part of the 4-and 5-year-old visits. The Phonetically Balanced Kindergarten Word Lists (Haskins 1949) • The Phonetically Balanced Kindergarten (PBK) word lists were used to assess monosyllabic word recognition in quiet with the child's HAs starting at the 4-year-old visit and each annual study visit thereafter. The child was asked to listen to a recorded list of 50 words presented at 65 dBA at 0-degree azimuth from a loudspeaker. The scores are the percent correct of 50 words. The PBK was administered as part of the 4-through 8-year-old visits. The Computer-Assisted Speech Perception Assessment (Boothroyd 1999) • The Computer-Assisted Speech Perception Assessment (CASPA) was completed as a measure of monosyllabic word recognition with competing steady-state noise. CASPA consists of 30 lists that include 10 monosyllabic words. Each list is balanced for phonemic content and can be scored as either words or phonemes correct. The CASPA was presented via loudspeaker at 50, 65, and 75 dBA at 0-degree azimuth at three signal-to-noise ratios (SNRs) (−5, +10, and +20 dB) by varying the level of the talker and presenting the steady-state speechspectrum noise at a constant 55 dBA. The scores are the percent correct of 10 words or 30 phonemes in each condition. The CASPA was administered to the children with and without their HAs on, as part of the 7-through 9-year-old visits.
Language and Phonological Working Memory Measures
English receptive language abilities were assessed using two measures depending on the age of the child. For children at 12 months, 18 months, 3 years, and 4 years, spoken language abilities were represented using the Receptive Language subscale scores from the Vineland Adaptive Behavior Scales (Sparrow et al. 1984) . The Vineland is a parent-reported measure that was found to relate to other measures of language in this cohort (Tomblin et al. 2015a , this issue, pp. 76S-91S). The Peabody Picture Vocabulary Test-IV (PPVT; Dunn & Dunn 2007 ) was used to represent receptive language for the 5-and 7-year-old children. Phonological working memory was measured at the 5-, 7-, and 9-year visits using the Nonword Repetition subtest of the Comprehensive Test of Phonological Processing (Torgesen et al. 1999 ). The Nonword Repetition subtest requires the child to repeat nonsense words of increasing length.
Statistical Analyses
Statistical analyses were completed by using either SAS v9.3 or the R software interface (Version 3.0.2; R Core Development Team 2014). Descriptive statistics for each outcome measure were calculated to demonstrate the range of abilities for each of the auditory development questionnaires and speech perception measures. All predictor variables were meancentered to minimize the potential for multicollinearity. Regression assumptions, including normality, were assessed through residual analysis, and there was no evidence of violation of the modeling assumptions. Variance inflation factors for all linear regression analyses were less than 5. Two different analysis approaches were used to address the research questions. The first research question was addressed using cross-sectional data with linear regression to evaluate the multivariate relationship between concurrent predictors and speech recognition and parent ratings of auditory development from questionnaires. For the cross-sectional analyses, each predictor variable was based on concurrent measures collected at the same visit as the outcome. Maternal educational level was used as a proxy variable for socioeconomic status (Bradley & Corwin 2002) and was parameterized into four categories: high school education or less, some college education, college graduate, or graduate education. Maternal education level was selected because this measure was more consistently reported than paternal education level and annual family income. Based on previous research that suggests that speech recognition may be influenced by a child's spoken language abilities (e.g., Blamey et al. 2001; Davidson et al. 2011 ) and working memory (Stiles et al. 2012) , English spoken language ability and phonological working memory were used as predictors of speech recognition at ages where those measures were also collected. The better-ear three-frequency PTA was used to represent degree of hearing loss. The aided SII for average speech was used to represent audibility of speech with amplification. HA use was based on a weighted average of parent report to account for weekday and weekend use. Word recognition measures were also included as predictors of auditory development questionnaires to examine the correspondence between speech recognition and auditory development questionnaires. Age was included as a predictor in analyses where data from children in different age groups were included in the same analysis. For the SSQ questionnaire and CASPA speech-recognition data in noise, repeated measures over time were present for the same subject. For CASPA, speech perception was measured in both aided and unaided conditions as well as in three SNR settings. Due to the repeated measures, a linear mixed model was constructed, which not only included the same predictor variables as the regression models but also included a random intercept for each subject to account for within-subject correlation.
The second research question pertained to the effects of predictors at age 3 years on speech recognition in quiet at age 5 years on a subset of 49 CHH who had data at both 3-and 5-year-old visits. Due to the accelerated longitudinal design of the study, there were a sufficient number of subjects in this age range to perform this analysis. A linear regression model was used. The predictor variables of better-ear PTA, better-ear aided SII, Vineland Receptive Language subtest, and HA use were represented by the data collected at the child's 3-year-old visit. The outcome was the average word recognition score in quiet for PBK, LNT-easy, and/or LNT-hard from the 5-year-old visit.
RESULTS
Auditory Development Questionnaires
The descriptive results from the LittlEARS Auditory Questionnaire, PEACH questionnaire, and SSQ questionnaire are displayed in Table 2 . LittlEARS Auditory Questionnaire • For the LittlEARS questionnaire, the average score was equal to the established criterion score of 28, reflecting that most of the children in the sample had ratings of early auditory behavior that were within the normal range for their age. Figure 1 displays the LittlEARS data for each visit as a function of age in months compared with the normative range from the study by Tsiakpini et al. (2004) .
All but one of the CNH had scores within the normal range based on the normative data. Ninety-six parents of CHH
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MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S contributed 236 LittlEARS scores at the 12-, 18-, and 24-month visits. At the 12-month visit, 33% of CHH had reached the criterion score, increasing to 81% and 91% of CHH at the 18-and 24-month visits, respectively. Only 9% of the CHH had LittlEARS scores that were below the normative range for their age at one or more visits. Of the 19 children with LittlEARS scores outside of the normative range, 13 children scored below the normative range at every visit where LittlEARS was administered. Six of the children had LittlEARS scores that increased into the normal range at subsequent visits.
For the statistical analysis of LittlEARS ratings, the highest LittlEARS score at either the 18-month or 2-year visit for each subject was used as an outcome for each subject. Ninetysix CHH contributed LittlEARS scores to the analysis. A linear regression model evaluated the influence of age, degree of hearing loss, aided audibility, HA use, speech recognition, receptive language abilities, and maternal education level on LittlEARS score at the 18-month or 2-year visit. Speech recognition was the word identification score from the O&C Test. The overall model was significant [R 2 = 0.48, F(7,89) = 12.5, p < 0.001], suggesting that this combination of factors predicted 48% of the variability in LittlEARS scores. Better hearing thresholds (β = −0.32, p = 0.005), higher aided audibility (β = 0.28, p = 0.01), more hours of HA use (β = 0.19, p = 0.03), higher word recognition (β = 0.37, p = 0.004), and higher receptive language ability (β = 0.29, p = 0.02) were associated with higher LittlEARS scores. Age (β = 0.10, p = 0.34) and maternal education (β = 0.17, p = 0.22) were not significant predictors of LittlEARS scores after controlling for other variables. PEACH Questionnaire • The data from the PEACH questionnaire for each subject are displayed in Figure 2 along with the normative range for the Quiet and Noise subscales and Total score. The average age at which the PEACH was administered was 21.8 months (SD = 4.7 months). The correlation between PEACH and LittlEARS scores for children who had both measures at the 2-year visit was positive and significant (r = 0.68, p < 0.001), indicating that children with higher LittlEARS scores also had higher PEACH scores. For the Quiet subscale and Total PEACH score, the median level of performance for children with hearing loss was below the normal range and within the "possible review indicated" range, suggesting that at least half of the children in the study would be outside of the normal range on this scale. Median scores for children with hearing loss were above the "possible review indicated" range for the Noise subscale. To determine which factors predicted the Total PEACH score (Quiet + Noise subscales) at the 2-year visit, a linear regression model was used to evaluate the influence of age in months, degree of hearing loss, aided audibility, HA use, speech recognition, and receptive language abilities, while controlling for maternal education level. Seventy-five children had PEACH scores and predictors at the 2-year-old visit. The predictor variables included in the model were the same as those Fig. 1 . LittlEARS data for all subjects as a function of age in months as compared with normative range from the study by Tsiakpini et al. (2004) . The solid line represents the lower bound of the 95% confidence interval for the LittlEARS normative range. The dashed line represents the average of the LittlEARS normative range. Open circles represent children who are hard of hearing (CHH) who were always within the normative range. Hourglass symbols represent CHH who were always below the normative range. Upward arrows represent children with scores below the normative range that increased into the normal range at subsequent visits. Black triangles represent children with normal hearing. CNH indicates children with normal hearing. used to assess LittlEARS. The overall model was significant [R 2 = 0.43, F(6,69) = 7.7, p < 0.001], suggesting that this combination of factors predicted approximately 43% of the variability in Total PEACH score. Lower better-ear PTA (β = −0.48, p = 0.02), higher aided audibility (β = 0.58, p < 0.001), and receptive language ability (β = 0.49, p < 0.001) were associated with higher Total PEACH scores. The relationship between Total PEACH score and average HA use (p = 0.35), O&C word identification (p = 0.20), and maternal education (p = 0.85) was not significant after controlling for the other predictors. Separate analyses of the predictors for PEACH Quiet and Noise subscales were not undertaken because of the high correlation between individual scores for the subscales (r = 0.92, p < 0.001). SSQ Questionnaire • The scores for the SSQ Composite and subscales are displayed in Figure 3 . The overall composite mean score of 6.9 is consistent with good listening ability overall and represents an average of all the subtest scores. The differences between subscale scores were evaluated using repeatedmeasures analysis of variance with subscale as a factor. The overall effect of subscale was significant [F(3,921) = 68.15, p < 0.001, η 2 p = 0.18], indicating that the average SSQ rating varied across subscales. Post hoc analysis was completed using Tukey's Honestly Significant Difference with a calculated minimum mean significant difference of 0.24. Given the small minimum mean significant differences, all of the average subscale scores were significantly different from each other. The Speech subscale ratings were lowest (mean = 6.4), followed by conversational uses of hearing subscale (mean = 6.6), Spatial subscale (mean = 7.2), and Qualities subscale (mean = 7.7). Despite the pattern of significant differences, the subscale ratings were in a similar range indicating good listening abilities on average.
To evaluate the factors that predicted composite SSQ rating, a linear mixed model was used to evaluate what factors predicted the composite SSQ rating. The SSQ composite scores included repeated measures from the same subjects at different ages. To account for the correlation between repeated measures from the same subject at different visits, a random intercept term was included in the model, which is assumed to follow a normal distribution with a mean of 0 and a variance component for each subject. The model included 164 SSQ ratings for 140 unique CHH. The estimated subject-specific SD is 0.9 with residual SD 0.88. This yields an intracluster correlation of 16% reflecting a small amount of within-subject association. The predictors in the model were degree of hearing loss (better-ear PTA), aided audibility (better-ear aided SII), average HA use, PBK word recognition, receptive language, age in months, and maternal education level. Possible interaction terms were evaluated but were not significant; therefore, they were not included in the final model. The main effect of receptive language (F = 9.78, p = 0.02) was the only significant predictor of SSQ composite. The relationship between composite SSQ score and degree of hearing loss (p = 0.623), aided audibility (p = 0.60), average HA use (p = 0.54), PBK word recognition (p = 0.60), age (p = 0.374), and maternal education (p = 0.70) was not significant after controlling for receptive language ability.
Cross-Sectional Word Recognition in Quiet
The descriptive statistics for the speech perception measures are displayed in Table 3 . For all speech-recognition measures, scoring was completed at the time of testing. Open-and Closed-Set Task • The percent correct for O&C phonemes correctly produced, words correctly approximated, and words identified in the point-to-picture task are plotted in Figure 4 . Of the 119 CHH and 65 CNH who had a 2-year-old visit, 105 CHH (88%) and 60 CNH (92%) were able to complete the word identification component of the O&C. Overall, there was a wide range of performance from 0 to 100% correct. Two CHH had scores of 0% and 25 had scores of 100% on the identification component.
Linear regression was used to evaluate the concurrent factors at the 2-year visit that predicted O&C word recognition. Degree of hearing loss (better-ear PTA), aided audibility, HA use, maternal education, and receptive language ability were used as predictors. The overall model was significant [R 2 = 0.35, F(5,85) = 8.9, p < 0.001], suggesting that this combination of factors predicted approximately 35% of the variability in O&C word identification. Lower better-ear PTA (β = −0.42, p < 0.001), higher aided audibility (β = 0.27, p = 0.02), higher receptive language ability (β = 0.35, p < 0.001), more hours of HA use (β = 0.19, p = 0.04), and higher maternal education level (β = 0.24, p = 0.02) were significantly associated with higher O&C word recognition at 2 years of age. ESP Test, LNT, and PBK • Aided performance for the ESP for both monosyllables and spondee words was near ceiling levels on average. Figure 5 shows the performance for ESP for CNH and CHH. Further analyses of specific predictors were not attempted for ESP due to the limited range of performance observed across subjects. Figure 6 shows the range of aided performance for LNT-easy, LNT-hard, and PBK. CNH had word recognition scores above 90% for all three conditions. Average word recognition for LNTeasy, LNT-hard, and PBK were approximately 85% correct for CHH. To identify specific predictors of aided word recognition in quiet for CHH, linear regression was used to evaluate which individual abilities were associated with word recognition. Because of the strong correlations between LNT-easy, LNT-hard, and PBK (range of r = 0.77 to 0.84, p < 0.001), linear regression was completed for the average word recognition in quiet for each subject. The average word recognition score was derived by taking the mean of the LNT-easy, LNT-hard, and PBK scores for an individual subject only if they were collected on the same visit. If a subject had multiple word recognition scores at different visits, only the average word recognition score from the earliest visit for each subject was included in the analysis. The earliest visit was used because word recognition in quiet measured at earlier ages was less likely to be at ceiling than later visits. The age range of children in the analysis was 4 to 8 years.
For average word recognition in quiet, age (in months), degree of hearing loss (better-ear PTA), aided audibility, HA use, maternal education level, phonological working memory, and receptive vocabulary (PPVT) were used as predictors. The overall model was significant [R 2 = 0.43, F(7,195) = 20.93, p < 0.001], suggesting that this combination of factors predicted approximately 43% of the variability in average word recognition in quiet. Higher age (β = 0.397, p ≤ 0.001), higher receptive vocabulary (β = 0.20, p < 0.001), higher aided audibility (β = 0.40, p < 0.001), and higher phonological working memory (β = 0.289, p ≤ 0.001) were significantly associated with higher average word recognition in quiet. The relationships between average word recognition in quiet and HA use (p = 0.74) and maternal education level (p = 0.65) were not significant after controlling for other variables.
Longitudinal Predictors of Speech Recognition in Quiet at Age 5 Years
For a subset of 49 CHH who contributed data at both 3-and 5-year visits, a predictive analysis was conducted to determine which factors at 3 years of age predict word recognition in quiet at 5 years of age. Aided audibility, better-ear PTA, Vineland Receptive Language, HA use, and maternal education level were used to predict the average word recognition score in quiet at 5 years of age. The overall linear regression model was significant [R 2 = 0.37, F(5,44) = 8.86, p < 0.001], suggesting that this combination of factors predicted approximately 37% of the variability in average word recognition at 5 years of age. Higher receptive language ability (β = 0.44, p < 0.001) and higher aided audibility (β = 0.30, p = 0.02) at 3 years of age were significantly associated with higher word recognition at 5 years of age. The relationship between word recognition and degree of hearing loss (p = 0.52), HA use (p = 0.73), and maternal education level (p = 0.41) was not significant after controlling for other variables.
Cross-Sectional Word Recognition in Noise
Computer-Aided Speech Perception Assessment • The word and phoneme recognition in noise scores for CNH and the unaided and aided scores for CHH are displayed in Figure 7 .
The CHH experienced gains in speech recognition in noise with amplification but did not reach levels of performance equivalent to CNH, even at the most favorable SNR.
To determine the predictors of word recognition in noise, a linear mixed model was used to predict CASPA word Fig. 4 . Open-and Closed-Set phonemes correctly produced (Phonemes), words correctly approximated (Words), and words identified in the point-to-picture task (Identification) for children with normal hearing (CNH) (gray) and children who are hard of hearing (CHH) (hatched gray). The boxes represent the 25th to 75th percentiles (interquartile range) and the whiskers represent the 5th and 95th percent confidence intervals of the mean. Solid lines are the median and solid circles represent the mean.
MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S 69S recognition scores. The following independent variables were considered: aided condition (aided versus unaided), SNR, aided audibility, age in months, receptive vocabulary (Peabody Picture Vocabulary Test-IV), phonological working memory (Comprehensive Test of Phonological Processing, Nonword
Repetition subtest), HA use, and maternal education. A linear mixed model allows for the type of correlated responses required for this analysis because there are repeated measures both across aided and unaided conditions as well as at three SNRs. To account for the correlation, a random intercept term was included in the model that is assumed to follow a normal distribution with a mean of 0 and a variance component for subject. The estimated subject-specific SD is 2.01 with residual SD 20.7. This yields an intracluster correlation of 9% reflecting a small amount of within-subject association. Possible interaction terms were evaluated but were not significant; therefore, they were not included in the final model. The main effects of aided condition (F = 90.01, p < 0.0001), SNR (F = 272.14, p < 0.0001), receptive vocabulary (F = 10.99, p = 0.0004), better-ear aided SII (F = 27.86, p < 0.0001), age in months (F = 3.54, p = 0.015), maternal education level (F = 3.81, p = 0.03), and phonological working memory (F = 11.33, p = 0.0009) were all significant predictors of CASPA word recognition. Performance in the aided condition was higher than in the unaided condition. Word recognition increased, as expected, as the SNR increased. CHH with higher vocabularies, aided SII, age, maternal education level, and phonological working memory had higher CASPA word recognition in noise than peers with lower scores on these factors.
DISCUSSION
Parent responses from auditory development questionnaires and speech-recognition measures were documented for CHH from infancy through elementary school years as part of a prospective longitudinal study. Three research questions were posed: (1) How do aided audibility and HA use affect parentreported auditory skills and children's speech-recognition abilities during early childhood? (2) How do concurrent linguistic, cognitive, and demographic factors affect parent-reported auditory skills and children's speech recognition of CHH during early childhood? and (3) How do aided audibility and HA use influence speech perception in a subgroup of CHH over time?
As hypothesized in this study and observed in previous studies (Bagatto et al. 2010; Sininger et al. 2010; Stiles et al. 2012) , the overall effects of aided audibility and HA use on parents ratings of auditory skills and on children's speech recognition were positive. CHH with greater aided audibility had better outcomes than children with lower aided audibility across a wide range of ages and measures. Greater HA use was associated with higher parent ratings of auditory skills and better speech recognition for the youngest children in the study, but the positive effect of HA use was less consistent at 3 years of age or older. Higher language abilities also were associated with higher scores on auditory development questionnaires and measures of speech recognition from age 2 years through early elementary school ages. Children with higher verbal working memory abilities had higher word recognition in quiet and in noise than children with more limited working memory skills, consistent with previous research in children who received cochlear implants (Cleary et al. 2001) . Higher aided audibility and receptive language at 3 years of age was associated with higher word recognition at 5 years of age.
Auditory Development Questionnaires
Auditory development questionnaires are an important clinical tool for monitoring the progress of auditory skills for CHH. Previous studies have demonstrated that parent ratings of auditory skills during infancy can help to predict the variability in language outcomes at 3 years of age (Ching et al. 2013a) . Three parent-reported measures of auditory development were completed, including LittlEARS, PEACH, and SSQ questionnaires. At 12 months, 18 months, and 2 years of age, the LittlEARS questionnaire was completed for CHH and CNH. Once children reached a criterion score of 28 on the Lit-tlEARS, their parent also completed the PEACH at the same visit and all subsequent visits until 2 years of age. For both questionnaires, CHH had lower scores than CNH, consistent with lower parental ratings of auditory skill development for CHH. The relationship between LittlEARS and PEACH scores was significant, suggesting an association between the auditory skills assessed by each questionnaire. By the 18-month visit, 81% of CHH had scores at the criterion score of 28 or greater. Only 9% of the CHH fell below the normative range CNH on the LittlEARS at one or more visits. The average score on the LittlEARS (29.6) was consistent with results reported by Bagatto et al. (2010) for children without severe developmental comorbidities. An analysis of auditory and linguistic factors that predicted LittlEARS scores indicated that CHH with higher aided audibility, HA use, receptive language, and O&C Test word identification scores had higher LittlEARS scores Fig. 7 . Word and phoneme recognition in noise scores at three signal-to-noise ratios (SNRs: −5, 10, and 20 dB) for children with normal hearing (CNH) (white) and unaided (gray) and aided (gray hatched) scores for children who are hard of hearing (CHH). Left panel is words correct, and right panel is phonemes correct. The boxes represent the 25th to 75th percentiles (interquartile range) and the whiskers represent the 5th and 95th percent confidence intervals of the mean. Solid lines are the median and solid circles represent the mean.
MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S 71S than CHH with lower scores on these factors. LittlEARS scores based on parent ratings reflect the auditory and linguistic factors that are of interest when monitoring auditory development during early childhood. However, the finding that nearly all of the 18-month-old and 2-year-old CHH had criterion-level scores on the LittlEARS raises questions as to whether or not the measure would be sufficiently sensitive to identify CHH who may be at-risk for developmental concerns. The elevated LittlEARS scores in this study may reflect the fact that this sample of CHH has generally higher socioeconomic status than the general U.S. population and includes only children from English-speaking homes without additional developmental comorbidities. However, on the PEACH, more than 50% of the CHH in the present study had scores in the range "possible review indicated" or poorer. The average scores for the Quiet and Noise subscales and Total scale in this study (66.3% average Total PEACH score) were similar to those reported by Ching and Hill (2007; 62.9% ) but lower than the average reported by Bagatto et al. (2011) for typically developing children who wear HAs (82% average Total PEACH score). The trend for higher PEACH scores reported by Bagatto et al. than were observed in the present study could be attributed, at least in part, to differences in the ages at which the PEACH was administered in each study. In data reported by Ching and Hill, age was a significant positive predictor of Total PEACH scores. The average age of administration in this study was 21 months, whereas the average age for the children reported by Bagatto et al. (2011) for the PEACH was approximately 48 months. Ching and Hill included not only older children in their sample but also children with later ages of hearing loss identification when compared with the current sample. Differences in chronological age and age of identification may help to explain differences between PEACH scores observed in this study and those observed in previous studies of children who wear HAs. The current scoring guidelines for the PEACH do not account for the age of the child, which may lead clinicians to conclude that younger children are at risk for delays in auditory development. PEACH scores indicating that a child may be at-risk for developmental concerns also stand in contrast to the ceiling scores on the LittlEARS questionnaire by some children at the same visit. Clinical protocols for auditory development questionnaires (e.g., Bagatto et al. 2011) have suggested that once children reach a criterion score on the LittlEARS that PEACH should be used subsequently to assess auditory skill development. Data from the study by Bagatto and Scollie (2013) suggest that clinicians should use caution interpreting PEACH results in children less than 24 months of age since the documented influence of age on PEACH results in this age range may complicate identification of children who are at-risk for developmental delays.
An adapted version of the SSQ questionnaire (Gatehouse & Noble 2004 ) was used to assess the parents' perceptions of their child's listening abilities at ages 4, 6, and 8 years. In addition to the Speech, Spatial, and Qualities subscales, a conversational uses of hearing subscale was added for this study to specifically evaluate overhearing, listening in the car, and listening in the presence of television or music. Overall, the composite SSQ score was influenced by receptive language ability, but not by age, aided audibility, amount of HA use, or maternal education level. Given that the listening situations and scenarios queried by the SSQ are dependent on the ability of the child to communicate, the relationship between language ability and SSQ score is perhaps not surprising. Parent ratings of their child's listening ability may be tied to how well their child communicates in everyday listening situations, which could explain the relationship between parent ratings on the SSQ and language ability. The lack of a relationship between variables related to amplification and the SSQ was not expected but could highlight the limitations of aided audibility and HA use as predictors of listening abilities in realistic listening situations with multiple talkers and competing background noise. Aided audibility reflects how much speech is audible in quiet, but it may not be a direct reflection of how the child hears from a distance or in background noise. Previous studies have used similar adaptations to the SSQ to assess parents' ratings of children with unilateral or bilateral cochlear implants (Galvin et al. 2007 ). The adaptation of the SSQ to allow parent responses may have reduced the validity of the measure. Further research is needed to assess the validity of this version of the SSQ for children who wear HAs.
Speech-Recognition Outcomes
Children who wear amplification generally demonstrated high levels of speech understanding in quiet across a wide range of speech-recognition measures and ages, particularly compared with results from previous studies with cohorts of children who were identified with hearing loss or fit with amplification at later ages or had greater degrees of hearing loss (Kirk et al. 1995; Blamey et al. 2001; Davidson & Skinner 2006) . For 2-year-old children on the O&C Test, HA use and language abilities explained the variability in performance across subjects. Results from the ESP test at ages 2 and 3 years were consistently near ceiling for both CNH and CHH. The O&C Test not only had a high rate of successful administration in both groups (CNH, 92%; CHH, 88%), but children had a range of performance that was related to aided audibility, language, and HA use. This suggests that compared with the ESP test, the O&C Test may be useful in assessing speech-recognition abilities in 2-year-old children and differentiating children with varying auditory abilities.
Aided word recognition in quiet was completed with three different sets of monosyllabic word stimuli (LNT-easy, LNThard, and PBK) with CHH between 4 and 8 years of age. The mean for aided word recognition in quiet across all three measures was 85%, and strong associations were observed between the three different stimulus sets for the same subjects collected at the same visit. Using a cross-sectional analysis that averaged results from the three stimulus sets for each subject, CHH with higher aided audibility, higher receptive vocabulary, higher phonological working memory, and lower better-ear PTA had higher word recognition scores in quiet compared with CHH with lower scores on these factors. This analysis highlights the combination of bottom-up (aided audibility and degree of hearing loss) and top-down (receptive vocabulary and phonological working memory) factors that influence speech recognition in quiet for CHH. A longitudinal analysis using a subset of CHH was used to evaluate the factors at 3 years of age that predicted word recognition in quiet at 5 years of age. As in the cross-sectional analyses, higher aided audibility and receptive language
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MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S ability at 3 years of age were associated with higher word recognition in quiet at 5 years of age, though degree of hearing loss and the amount of HA use at age 3 years were not associated with word recognition in quiet at age 5 years after controlling for other predictors. Similar results were observed for word recognition abilities in noise, measured by CASPA. Aided audibility, language skills, age, and phonological working memory skills were all positively associated with CASPA word recognition scores in noise. Compared with word recognition scores in quiet, which were near ceiling for many CHH, CASPA word recognition in noise was more variable and might be expected to be more sensitive to differences in auditory skills as a result. CHH had increases in speech recognition in noise with amplification compared to without amplification at all three SNRs. Although HAs are not often considered to help speech understanding in background noise, the additional audibility provided an advantage compared with unaided listening. Even with amplification, however, CHH did not approximate the word recognition in noise abilities of their peers with normal hearing. This discrepancy highlights the fact that HAs alone are unlikely to be sufficient to support optimal speech understanding in noise. Hearing assistance technology, such as remote microphone systems, may be necessary in classrooms and other noisy environments where high levels of speech recognition can support learning.
Aided Audibility
The aided audibility of speech was measured with the child's amplification at each study visit using probe microphone verification techniques. As predicted, children with higher aided audibility through their HAs generally had better auditory development outcomes than children with poorer aided audibility. This finding is consistent with a number of previous studies and supports the fundamental idea that providing optimally fitted amplification can help to offset the negative effects of hearing loss on auditory development skills (Blamey et al. 2001; Bagatto et al. 2010; Sininger et al. 2010; Stiles et al. 2012) . Children with the same PTA thresholds may have a wide range of aided audibility due to the configuration of their hearing loss or proximity of the fitting to validated prescriptive targets (Strauss & van Dijk 2008; McCreery et al. 2013; McCreery et al. 2015, this issue, pp. 24S-37S) . The degree to which speech can be made audible through amplification is strongly dependent on the child's degree of hearing loss. Aided audibility is preferable to estimates of degree of hearing loss, such as the PTA, because it is a more direct estimate of how much the child can hear when wearing their HAs. Aided audibility was positively associated with multiple measures of word recognition in quiet from 2 to 8 years of age and also was positively associated with word recognition in noise for 7 to 9 years old. Children with higher aided audibility also had higher scores on auditory development questionnaires, including the LittlEARS and PEACH, at 12 months, 18 months, and 2 years of age. Although aided audibility was not a significant predictor of SSQ questionnaire scores for 4-, 6-, and 8-year-old children, aided audibility was positively correlated with receptive language ability in this age range, which was the only significant positive predictor of SSQ scores. Aided audibility at 3 years of age was associated with higher word recognition abilities at 5 years of age in a longitudinal analysis. These results support the notion that increased speech audibility through amplification has a significant positive effect on auditory development outcomes in children across a wide range of ages from infancy through early elementary school years.
HA Use
The average number of hours per day that children wore their HAs was estimated by parents at each study visit. Consistent HA use is predicted to support auditory development by providing regular access to auditory input. Establishing consistent HA use appears to be most challenging for infants and toddlers with the consistency of use increasing as age increases (Walker et al. 2013; Walker et al. 2015, this issue, pp. 38S-47S) . The positive effects of HA use on auditory development outcomes were isolated to outcomes that were measured during infancy and early childhood, including the LittlEARS questionnaire and the O&C word recognition measure at age 2 years. More hours of HA use were not associated with higher scores on the PEACH or SSQ questionnaires or any of the measures of word recognition obtained at 3 years of age or older.
Several factors could help to explain why the positive influence of HA use may be limited to the youngest age groups in the study. Because the number of hours of HA use increased as age increased and variability in use across children decreased, HA use may have been sufficiently high to support the positive outcomes for older children. More uniform amounts of HA use across children at older ages may have limited its utility as a predictor of variability in outcomes. Children with the greatest degrees of hearing loss may have more hours of HA use per day than children with milder hearing loss (Walker et al. 2013; Walker et al. 2015, this issue, pp. 38S-47S) . Because children with greater degrees of hearing loss may also have poorer aided audibility, the positive influence of HA use on outcomes could potentially be offset by reduced audibility. The negative relationship between HA use and degree of hearing loss is a complicating factor that should be accounted for in studies that attempt to associate outcomes with the amount of HA use.
Nonetheless, more HA use during infancy is associated with better outcomes when controlling for a wide range of other influential factors. The HA use data used to predict auditory development questionnaires and speech recognition were collected based on parent report. The amount of HA use may only reflect the average amount of HA use since the previous study visit. An estimate of HA use that is averaged over a longer time period may be more likely to demonstrate a cumulative effect on developmental outcomes, as was the case with language development in another article in this OCHL Supplement (Tomblin et al. 2015a , this issue, pp. 76S-91S).
Language Ability and Working Memory
Although factors such as aided audibility and HA use are important for describing how CHH access acoustic environments, receptive language and phonological working memory reflect the skills that are necessary to process incoming auditory stimuli. Receptive language ability, as measured by the Vineland Adaptive Behavior Scales, was positively associated with speech recognition and parent ratings on auditory development questionnaires across all measures and age groups. Receptive vocabulary ability based on the Peabody Picture Vocabulary Test was also associated with word recognition in quiet and in noise for older children. The positive relationship between language MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S 73S
abilities and word recognition in children has been reported for children with HAs and those with cochlear implants (Blamey et al. 2001; Davidson et al. 2011) . Children with higher receptive language abilities also had higher scores on auditory development questionnaires. Auditory development questionnaires often include questions that may reflect the child's auditory awareness and ability to understand speech in different everyday listening environments. Verbal working memory, which is the ability to temporarily store and process auditory information, was also positively associated with word recognition in quiet and in noise, consistent with previous research in children with cochlear implants (Cleary et al. 2001 ). Top-down processes, such as language abilities and working memory, can be supportive of speech recognition when the audibility of the acoustic representation of speech is limited because of noise (McCreery & Stelmachowicz 2011) and/or hearing loss (Jerger 2007; DesJardin et al. 2009; Davidson et al. 2011 ). The significant positive association between aided audibility and receptive language ability that was observed across the age range among children in this study should be noted. Aided audibility has clear positive contributions to speech recognition and parent ratings on auditory development questionnaires in CHH, even when the influence of language ability is considered. However, aided audibility also has an indirect influence on these outcomes by enhancing the child's language abilities. Although further analyses would be needed to quantify the interactions between audibility, language, and auditory skills, the complex relationship between these factors highlights the challenges experienced by children with reduced auditory access. Not only do reductions in aided audibility negatively affect auditory development outcomes, but they may also inhibit the development of top-down skills, such as receptive language ability, that can support listening in noise or at a distance when speech is less audible. The long-term effects of limited audibility may extend beyond restricted access to the acoustic signal into the ability to understand degraded speech.
Clinical Implications
The positive effects of providing amplification on auditory skill development in a large group of children who wear HAs have multiple clinical implications for audiologists who serve this population. First, these findings highlight the importance of early amplification that provides audibility for speech and is used at a consistently high level by the child. Fortunately, aided audibility and HA use are both easy to document clinically and to monitor over time. Aided audibility can be estimated easily as part of clinical HA verification, and parent report of HA use has been shown to be reasonably accurate for identifying challenges to establishing consistent use (Walker et al. 2013) .
Results for word recognition from the present study, particularly in quiet, suggest the need for new tools to assess speech-recognition abilities in children who wear HAs and are identified with hearing loss and fit with HAs earlier than in the recent past. Children with a wide range of degrees of hearing loss performed near ceiling levels on multiple word recognition measures in quiet. Whereas ceiling levels of word recognition in quiet represent significant progress from earlier studies of word recognition abilities in later-identified CHH (e.g., Kirk et al. 1995) , the utility of these measures in quiet may be limited in identifying children who are at risk for listening difficulties in their everyday listening situations (Lewis et al. 2015) . Word recognition in quiet was not found to be related to auditory skills queried on auditory development questionnaires with the exception of the O&C measure, which was positively associated with LittlEARS scores at age 2 years. The O&C Test at age 2 years appears to provide a range of performance across children with varying auditory skills. Performance on the CASPA word recognition in noise test was highly variable across subjects, which allowed for a better examination of individual differences in speech-recognition ability than test materials that yield performance near ceiling for most CHH. When CHH reach speech recognition near ceiling in quiet, speech-recognition testing in noise may help to better differentiate children who will face challenges listening in realistic situations. The clinical utility of identifying children who are at risk for listening difficulties using word recognition tests in quiet appears to be limited and warrants further consideration.
Limitations and Directions for Future Research
Several limitations of the findings from this study should be noted. Although the sample of CHH was well matched to the group with normal hearing, the entire sample was more economically advantaged (Tomblin et al. 2015b , this issue, pp. 14S-23S) than the general population in the United States. For this reason, the results observed in this cohort may be different than would be observed in a population-based sample of children who use HAs. This pattern may have particularly affected measures such as the LittlEARS questionnaire and ESP test, where the results were significantly higher than have been reported in previous studies.
The present study also excluded children with additional disabilities, which is likely to lead to results that are more positive than would be observed in the general population. The goal in doing so was to help to identify the specific developmental consequences of hearing loss. Although up to 40% of CHH may have additional disabilities, previous studies that have attempted to include children with additional developmental disabilities (e.g., Ching et al. 2013a ) have excluded this group from overall analyses because of missing data. Results from groups that have included children with additional disabilities (Bagatto et al. 2010; Ching et al. 2013a ) have found outcomes to be poorer in children with additional disabilities although the degree to which the group deviates from children with hearing loss who are otherwise typically developing is highly variable and dependent on the specific condition and severity of the disability. The present results do not reflect the potential range of outcomes among children with additional developmental disabilities.
Finally, a consistent pattern was observed between aided audibility, HA use, language and the auditory development questionnaires, and speech-recognition outcomes in this study. However, none of the statistical models accounted for more than 50% of the variability in any of the outcomes. Although the amount of variance accounted for in these models is consistent with that in previous studies of children who received cochlear implants (Geers et al. 2003; Davidson et al. 2011 ), there may be other factors, such as working memory or executive function, or outcome measures that could better account for the remaining variability in auditory development questionnaires or speech recognition in CHH.
74S
MCCREERY ET AL. / EAR & HEARING, VOL. 36, SUPPLEMENT 1, 60S-75S
CONCLUSIONS
The goal of the current analysis was to determine the effect of aided audibility and HA use on auditory development outcomes in CHH who use HAs. Aided audibility had a positive impact on auditory skills, as measured by parent report from auditory development questionnaires and speech recognition in quiet and with competing noise. Aided audibility can be maximized by providing early amplification that matches validated prescriptive targets for the child's degree of hearing loss (McCreery et al. 2013 ). Children with more hours of HA use had higher word recognition and parent ratings on auditory development questionnaires between 1 and 2 years of age, but the impact of HA use was not observed for older age groups where HA use became more consistent across the cohort. Receptive language ability was also positively associated with auditory development outcomes across the age range. Professionals can maximize auditory development in children by verifying that the child has consistent audibility and monitoring and encouraging consistent HA use.
